1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Bone Marrow Transplant. Author manuscript; available in PMC 2020 February 01.

-, HHS Public Access
«

Published in final edited form as:
Bone Marrow Transplant. 2019 August ; 54(8): 1337-1345. doi:10.1038/s41409-019-0438-z.

Prognosis of Relapse after Hematopoietic Cell Transplant (HCT)
for Treatment of Leukemia or Myelodysplastic Syndrome (MDS)
in Children

Ann Dahlberg, MD, Wendy Leisenring, ScD, Marie Bleakley, MD, PhD, Soheil Meshinchi,
MD, K. Scott Baker, MD, MSc, Corinne Summers, MD, Brandon Hadland, MD, PhD, Colleen
Delaney, MD, MSc, Kanwaldeep Mallhi, MD, Lauri Burroughs, MD, Paul Carpenter, MD, Ann
Woolfrey, MD.

All authors affiliated with Fred Hutchinson Cancer Research Center and University of Washington,
Seattle, WA, USA.

Abstract

We studied 232 consecutive children transplanted between 1990 and 2011 with relapse after 15t
hematopoietic cell transplant (HCT). Kaplan-Meier survival and hazard ratios for mortality were
calculated for factors known at time of relapse using Cox proportional hazards models. The
median (range) age at time of 15t HCT was 10.9 (0.5-20.9) years, time to relapse was 6.1 (0.2—
89.5) months after HCT, and age at relapse was 11.7 (0.7-23.6) yrs. The 3-year overall survival
(OS) after relapse was 13% (95% Confidence Interval (Cl): 9%, 18%).The median (range) follow-
up for the 18 surviving patients was 7.2 (3.0-24.4) years after relapse. The remaining 214 died
after a median of 3 months (0.02-190.4). OS was not significantly different for patients with ALL
as compared to AML. Fifty-one patients proceeded to 2" transplant of whom 9 survive. Factors
associated with improved survival included late relapse (greater than 12 months), ALL in first CR
at the time of first transplant and chemotherapy-based first conditioning regimens. These results
can be used to counsel patients at the time of relapse after first transplant and as a baseline for
comparison as to the effectiveness of newer therapies which are greatly needed for treatment of
post-transplant relapse.

Introduction

Allogeneic hematopoietic cell transplantation (HCT) often offers the best and often only
chance for cure for patients with very high-risk leukemia. While current risk-adapted
chemotherapy regimens cure most children with acute lymphoblastic leukemia (ALL) and
many with acute myeloid leukemia (AML), there remains a subset of patients as for whom
cure is unlikely without allogeneic HCT. Historically, allogeneic HCT was indicated for
patients with early relapse of ALL or AML, as well as those with high risk features at
diagnosis or persistent minimal residual disease (MRD). [1-9] For these subsets of very
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high-risk patients, HCT after remission induction increases the likelihood of leukemia-free
survival (LFS).

LFS following allogeneic HCT depends upon a number of factors, foremost the disease
status at time of HCT.[10-16] However, the proportion of patients with “good-risk” disease
at time of HCT appears to be shrinking as risk-adapted therapy has narrowed the group of
children thought to benefit from HCT to those with extremely high-risk leukemias.[6-8,11—
13,15,17-21] For example, in the past decade 1 in 3 patients referred to our center with ALL
in remission were MRD-positive at time of HCT, leading to a >3-fold higher risk of relapse
compared to those without MRD (p=0.0001).[21] Fortunately, the toxicity and mortality
associated with HCT has substantially decreased over the last 20 years.[22] This great
improvement in safety means that relapse is now the biggest barrier to improving survival
after HCT. [6,10-13,15,17,23]

Our aim in this study was to determine factors associated with outcome in a historical group
of patients who relapsed after allogeneic HCT, in order to define the baseline prognosis from
which to compare future treatment strategies. We anticipate going forward that outcomes
after relapse will improve in patients for whom therapies such as CD 19 chimeric antigen
receptor (CAR) T cell therapies, monoclonal antibody-based bispecific T cell engagers, and
antibody drug conjugates are available. However, until advanced targeted therapeutics
become broadly applicable to all patients in relapse, our results are also important for
understanding which patients might benefit from additional treatments or a second HCT.

Patients and Methods

Records from all patients who were <21 years of age at time of allogeneic HCT for acute
leukemia or myelodysplastic syndrome (MDS) between January 1990 and December 2011
at Fred Hutchinson Cancer Research Center (FHCRC) were reviewed retrospectively for
development of post-HCT relapse. The primary diagnosis of the hematologic malignancy
was made at the referring institution and confirmed at FHCRC by review of diagnostic bone
marrow samples. Remission status was determined within two weeks before HCT by
histopathologic and cytogenetic analyses of marrow and cerebral spinal fluid. Patients were
considered to be in remission if they had received chemotherapy and achieved a complete
response in bone marrow (<5% blasts and normal marrow cellularity), while those given
HCT before marrow recovery or with 25% marrow blasts were considered to be in relapse.
MRD was defined as any level <5% of leukemic blasts detected by available technology,
including histopathology, cytogenetics, molecular analysis, or flow cytometry. Disease phase
was defined by the number of medullary remission or relapse events before HCT, but
isolated extramedullary relapse was not considered as a separate relapse event. Patients were
treated on standard treatment plans or research protocols for which informed consent was
obtained using the consent forms approved by the FHCRC Institutional Review Board
(IRB). Post-HCT relapse was defined as any morphologic, cytogenetic, or flow cytometric
evidence of disease at any detectable level in the bone marrow or extramedullary site. A
second hematologic malignancy without evidence of the original leukemia was not counted
as a relapse.
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Statistical Methods—Patient characteristics were summarized and reported using
standard methods for categorical and continuous variables. Estimates of survival after
relapse were calculated by the method of Kaplan and Meier, with time from relapse to the
time of death or censoring at last contact. [24] Cox proportional hazards regression models
were fit to evaluate risk factors associated with mortality.[25] Candidate variables examined
included patient sex, year of HCT, time from HCT to relapse, donor type, diagnosis/phase at
HCT, conditioning regimen, MRD status at HCT, time from diagnosis to HCT, age at HCT
and age at relapse. Factors were retained in a final multivariable model if p-value was <0.10
or if their removal markedly modified the effect of another variable. In a separate model, we
examined the hazard ratio of treatment assignment at relapse to a potentially curative
treatment vs. no treatment or palliative care. All p-values are two-sided and considered
significant at the 0.05 level. No adjustments were made for multiple comparisons. Data were
frozen for analysis as of September, 2017.

Patient Characteristics

Survival

Between January 1990 and December 2011, 760 consecutive children <21 years of age with
a hematologic malignancy underwent allogeneic HCT for treatment of ALL (n= 396), AML
(n=285) or MDS (n=79). Of these, we identified 232 patients in whom relapse of the
original disease was diagnosed after HCT. Characteristics of these patients at the time of
their initial HCT are shown in Table 1. Supplementary Table 1 compares these
characteristics for those treated with intent to cure versus palliative/end of life therapies.
Among the patients classified as having leukemia in complete remission at time of first
HCT, MRD was not assessed for 36 patients. The median time to relapse after HCT was 6.1
(range 0.2-89.5) months and the median age at relapse was 11.7 years (range 0.7-23.6).

The 3-year overall survival after relapse was 13% (95% CI: 9%, 18%) (Figure 1). Among
the 18 patients surviving at last contact, median follow-up was 7.2 years (range 3—-24.3) after
relapse. The remaining 214 died after a median of 3 months (range 0.02-190.4). Sixty
patients declined further aggressive treatment and were given palliative or end-of-life
therapies only, culminating in 59 deaths. One untreated patient had spontaneous resolution
of cytogenetic relapse of ALL and survives. When outcome is confined to the 172 patients
treated with intent to cure, OS was 16% (95% CI:11%, 22%) (Supplementary Figure 1).
There was no significant difference in outcome between patients with ALL versus AML
(p=0.27). Specifically, OS at 3 years for ALL was 15% (95% CI: 9%. 22%) and for AML
was 9% (95% CI: 5%, 16%). Among the 13 patients with MDS, 3 survive long term without
relapse.

Treatment of Relapsed ALL

Among the 121 patients with relapsed ALL, 97 were treated with intent to cure (Figure 2).
Of these, 7 survive for a median of 7 (range 4.5-12.3) years. Treatment modalities included
withdrawal of immune suppression (IS) (n=15), chemotherapy (+/- IS withdrawal and/or
local radiation, n=71), donor lymphocyte infusion (DLI) +/- chemotherapy (n=6), and
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tyrosine kinase inhibitor treatment (n=5). Figure 2 depicts outcomes in these treatment
groups including those who proceeded to second HCT. Overall, 4 patients treated with
intent-to-cure without second transplant survive.

Twenty-one patients with relapsed ALL proceeded to second HCT (Table 2). Second HCT
regimens included myeloablative conditioning (MAC) in 8 cases, reduced intensity
conditioning (RIC) in 9, and nonmyeloablative conditioning (NMC) in 4. None of the
patients with persistent disease at time of second HCT survived long term. Three patients
survive among those in CR at time of 2"d HCT, 2 of these without subsequent relapse. Two
out of 4 patients receiving CB transplants survive.

Treatment of Relapsed AML or MDS

Among the 98 patients with relapsed AML, 65 were treated with intent to cure (Figure 2)
and 7 survive without subsequent relapse for a median of 14.1 (range 4.5 to 24.3) years.
Treatment modalities included withdrawal of IS (n=12), chemotherapy (+/— withdrawal of
IS and/or local radiation, n=43), DLI (+/- chemotherapy, n=5), tyrosine kinase inhibitor
(n=2) or 2" transplant alone (n=3). Patient outcomes for each treatment group are indicated
in Figure 2.

Second HCT was performed for 23 of the patients with relapsed AML (Table 2). Second
HCT regimens included MAC in 19 cases, RIC in 2, and NMC in 2. None of the patients
with detectable disease at time of second HCT survived long term. Among the patients in
MRD-negative CR at time of HCT, 4 survive, including 1 given RIC and 3 given MAC HCT.

Ten of the 13 patients with relapsed MDS/MPL were treated with curative intent, and 3
survive long term (Figure 2). Treatment modalities included withdrawal of immune
suppression (n=3), chemotherapy alone (n=4), or direct second HCT (n=3). Second
transplant was performed for 7 of the 10 patients (Table 2). Second HCT regimens were all
myeloablative and all but one patient had progressive disease at the time of transplant. Two
patients survive without subsequent relapse after second HCT.

Cause of Death

Cause of death after first HCT relapse was classified as either disease or treatment
(including GVHD) related. Among the patients with relapsed ALL, death from progressive
disease was the only cause of death for patients given no therapy, palliative therapy, or
withdrawal of immune suppression. Death after chemotherapy or second HCT was caused
by progressive ALL in 75% and treatment complications in 25%. Among the patients with
relapsed AML or MDS, death from progressive disease was the only cause of death for
patients given no therapy, palliative therapy, withdrawal of immune suppression, or DLI.
Death after chemotherapy or second HCT was caused by progressive AML/MDS in 69%
and by complications of therapy in 29%. Other causes of death included 1 patient with AML
in remission after second HCT who died in a car accident and 1 patient with ALL who died
of a secondary malignancy.
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Factors Associated with Mortality

We sought to determine whether there were characteristics at the time of post-HCT relapse
that could be used to determine future prognosis (Table 3). Despite the limited number of
survivors, several factors were found in multivariable analysis to be significantly associated
with the risk of mortality. The time interval between HCT to relapse was strongly associated
with the hazard of mortality (Figure 3, left panel). Compared to patients who experienced
relapse more than one year after HCT, mortality was significantly higher for those with a
relapse <6 months after HCT (HR 3.2; 95% ClI: 2.2, 4.7) or between 6 months and 1 year
after HCT (HR 2.1; 95% CI: 1.4, 3.2). Patients whose initial HCT regimens were
chemotherapy-based MAC had a higher probability of surviving; in comparison, those
conditioned with either high dose TBI or RIC had 1.8-fold (95% CI 1.00, 3.1) and 4.1-fold
(95% CI 1.9, 9.1) higher hazards of death, respectively. Finally, disease status at the time of
first HCT predicted outcome after relapse (Figure 3, right panel). Patients with ALL who
underwent first HCT while in CR1 were more likely to survive long term compared to those
who had more advanced disease at the time of first HCT or those with myeloid leukemia in
any phase of relapse. Other factors examined for potential inclusion in the multivariable Cox
regression model included sex, age, decade of HCT, donor type, MRD status among patients
in CR, time from diagnosis to HCT, and age at relapse.

Among the 51 patients who received a second HCT, 7 died before donor cell engraftment.
Of the remaining patients, acute or chronic GVHD developed in all 11 of the surviving
patients compared to 23 of 33 (70%) who did not survive long term (p=0.046, Fisher’s Exact
Test).

Discussion

The primary aim of this study was to ascertain the risk for mortality among pediatric patients
with leukemic relapse after HCT in a relatively recent era. In addition, we sought to
determine factors that could be used at the time of relapse to predict likelihood of successful
treatment. Overall, we found that at approximately 85% of pediatric patients with post HCT
relapse will not survive long-term, with leukemia accounting for approximately 4 out of
every 5 deaths. These results can serve as a baseline for comparison as novel therapies
emerge for treating relapse as well as help physicians set realistic expectations for patients
for whom there are no available novel therapies.

Several studies have shown encouraging results with second HCT for treatment of relapse,
with LFS ranging 20-30%.[26-28] Bajwa, et al, reported 2 year LFS of 35% for pediatric
patients given second HCT, compared to 2% for those without [29]. However, it is difficult
to generalize these data without knowing the overall number of patients treated with curative
intent and the number who died before second HCT was feasible. In our cohort, 84% of
patients treated with intent-to-cure died before second HCT was feasible, mainly from
progressive disease. Therefore, in order to counsel patients at time of relapse, it is important
to understand which patients are likely to survive with further therapy.

The current analysis helps to define subsets of pediatric patients that may have a realistic
chance for long term OS with current therapies and suggests that successful strategies might
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differ between disease morphologies. In contrast to ALL, it was possible to achieve DFS in
patients with early relapse AML/MDS, likely due in part to the difference in response to DLI
which was able to bridge some AML/MDS patients to second HCT. Patients with
AML/MDS also were less likely to have received a TBI-containing regimen as conditioning
for the first HCT allowing a TBI-based second HCT regimen. A myeloablative TBI-based
second transplant was associated with increased OS, consistent with our previous results,
which showed <10% risk for TRM provided an interval of 6 months had elapsed between
transplants.[14,30] Accordingly, patients with relapsed AML who did not receive
myeloablative TBI in the first HCT can be counseled to consider remission induction and
second HCT.

A second group with a higher chance for survival with intent-to-cure approaches were
patients with ALL in CR1 at the time of first HCT and whose relapse occurred 6 months or
more post HCT. In the absence of a molecular target, such as BCR/ABL, reinduction
chemotherapy followed by a second HCT provided the best results. Since all the ALL
patients were given myeloablative TBI as the first conditioning regimen, choice of the
second regimen was limited. Although the numbers are small, a second myeloablative
chemotherapy-based regimen was not found to be successful, consistent with previous
reports.[27,31] The best outcome in the second HCT cohort was a RIC regimen followed by
a single or double umbilical cord blood graft. There is emerging evidence that CB grafts are
associated with a potent GVL effect, particularly in high risk or MRD positive leukemia,
which may explain its benefit as the second allograft after RIC.[32] Regimen intensity likely
still plays a role, as in this study DFS after a treosulfan-based RIC appeared to be superior to
non-myeloablative conditioning.[33,34]

Previous studies of second allogeneic HCT indicate that the best outcome is found among
patients with late relapse and disease in remission at time of second HCT.[26-28,30] Second
myeloablative regimens have been associated with a high rate of sinusoidal obstruction
syndrome (64%) and TRM (45%), particularly in adult patients, whereas second RIC
regimens have been associated with much lower risk for toxicity.[28,35-37] In our pediatric
patients who underwent second HCT, the overall TRM was less than observed in adult
patients, and the main cause of death was progressive leukemia. Outcome relative to second
HCT regimen intensity appeared to differ between disease subtypes, with outcome for
relapsed ALL being better with RIC, whereas relapsed AML/MDS fared better with MAC.
While the development of GVHD after second HCT appeared to be a factor associated with
survival (observed in 100% of survivors compared to 73% of those who died, p=0.046), it
also was the primary cause of death for three patients.

A small number of patients survived without undergoing second HCT, and these all had
leukemias that could be treated with molecularly targeted agents. Both sorafenib treatment
of FLT3-ITD+ AML and imatinib treatment of Ph+ ALL were effective as sole therapies.
TKIs are reasonably well tolerated after HCT, and can be used as relapse prophylaxis, as we
and others have shown.[38-40] For patients not receiving prophylaxis, administration of
TKIs at the first detection of MRD is warranted. Patients who achieve MRD-negative
response by molecular detection methods may not require second HCT.
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We sought to develop a risk score based on the presence of observable characteristics at the
time of relapse to determine futility of further treatment. However, the small proportion of
successful outcomes precluded our ability to test and validate such a score. The
multivariable analysis suggests that a patient with advanced AML at time of HCT or with
ALL relapsed within 6 months after HCT will not benefit from further therapies with any of
the modalities use in our study population. Fortunately, the landscape of therapies for
patients with relapsed/refractory leukemias has advanced dramatically with the availability
of new immunotherapies including antibody-drug conjugates, bi-specific t-cell engagers
(BiTE) and CAR T-cells.[41] [42,43] [44] [45,46] The effectiveness of these emerging
modalities for achieving a MRD negative remission in the post-HCT setting including prior
to second HCT will need to be determined and compared to the outcomes reported here.

There are several limitations to this analysis. While the study includes a large number of
pediatric patients, the small number of survivors limited the development of a relapse risk
score. This important goal might be attainable by analyzing patients in one of the
cooperative group registries. Due to the retrospective nature of the study, the decisions about
using curative or palliative treatments made by physicians and parents may have introduced
bias. Finally, these data are from a single transplant center that focuses on high risk patients.

Overall our analysis shows that even in the absence of these new therapies, durable OS is
attainable for 10-15% of pediatric patients who experience relapse of leukemia after HCT.
However, for patients who do not fall into favorable subgroups the outcome can be expected
to be exceedingly poor. None of the treatment approaches used during the timeframe of this
analysis can be expected to be successful in these high-risk malignancies and patient
counseling should be congruent with these observations. Patients who seek curative
treatment should enroll on studies of novel therapies, such as cellular or immunologic
therapies, that might increase the likelihood of remission induction and second HCT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Probability of overall survival for 232 patients after relapse of leukemia following allogeneic

hematopoietic cell transplant (HCT). 95% confidence interval band is shaded.
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Figure 2. Post-relapse treatment plan and outcomes.
Patients with relapse after 15t transplant are grouped by disease (acute lymphoblastic

leukemia (ALL), acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS)).
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Arrows represent different treatment choices with the number (N) of patients receiving
selected treatment. The first column to the right of arrows indicates patients who went onto
second transplant for a given treatment plan reflected as # survivors/total # patients

proceeding to 2" transplant. The final column on the right indicates patients who did not

elect to proceed to 2" transplant reflected as # survivors/total # patients who did not
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Figure 3.

Years after Relapse

Probability of overall survival according after relapse following first allogeneic HCT by time
from HCT to relapse (panel A, p<0.0001) or disease phase at time of HCT (panel,

p=0.0078).
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Table 1:

Patient and Transplant Characteristics at time of 15t transplant

Total N=232

Characteristicsat time of first HCT

Age, median (range) in months

10.9 (0.5-20.9)

Interval from diagnosis to HCT(Months), median (range)

11 (0.5-141.6)

N (%)

Gender Male:Female

98 (42.2%) : 134 (57.8%)

Diagnosis
ALL 121 (52.2%)
AML 98 (42.2%)
MDS 13 (5.6%)
Disease Phase
ALL CR1 15 (6.5%)
ALL CR2 52 (22.4%)
ALL advanced 54 (23.3%)
AML CR1 34 (14.7%)
AML CR2 14 (6.0%)
AML advanced 49 (21.1%)
MDS 14 (6.0%)

Leukemia burden at HCT

Pre-MRD era 36 (15.5%)
Blasts>=25% 50 (21.6%)
Blasts 0-24% 80 (34.5%)
MRD positive 17 (7.3%)
MRD negative 47 (20.3%)
EMD only 2 (0.9%)
Transplant Characteristics
Decade of HCT
1990-2000 140 (60.3%)
2001-2011 92 (39.7%)
Donor Type

Matched Related

79 (34.1%)

Unrelated Marrow/PB

105 (45.3%)

Cord/Other Donor

48 (20.7%)

Conditioning Regimen

RIC

11 (4.7%)

Chemo-based myeloablative

23 (9.9%)

TBI-based

198 (85.3%)
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Total N=232
Characteristicsat time of first HCT
TBI dose (Gy)
2 2 (1.0%)
12 31 (15.3%)
13.2 72 (35.6%)
14.4 74 (36.6%)
15.75 23 (11.4%)

Page 16

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BU, busulfan; CR, complete remission; EMD, extra-medullary
disease; MDS, myelodysplastic syndrome; MRD, minimal residual disease; PB, peripheral blood; RIC, reduced intensity conditioning; TBI, total

body irradiation.
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Table 2:
Second hematopoietic transplants
HCT#1 HCT #2
Original Regimen Donor | Timeto | Phaseof Regimen | Donor | Alive | Cause
Transplant (Gy) Relapse | Disease at of death
Indication (days) | 2 HCT
ALL
CR1 CYTBI 12.0 MSD 91 | CR M-CH MSD N Relapse
CR1MRD(-) | TBICY 12.0 URD 96 | CRMRD(-) | NM URD | N Relapse
CR1MRD(-) | CYTBI13.2 MSD 216 | CRMRD(-) | RIC CB N Relapse
CR1MRD(-) | TBICY 13.2 MSD 309 | CR MRD(+) RIC URD N Relapse
CR1MRD(-) | TBICY 13.2 MSD 323 | CRMRD(+) | RIC CB N Relapse
CR1MRD(+) | TBICY 13.2 MSD 191 | CR MRD(+) RIC URD N TRM
CR1 MRD(+) | TBICY 13.2 URD 343 | CRMRD (-) | NM URD v*
CR1MRD(+) | CYTBI 14.4 URD 348 | PD M-CH URD N TRM
CR2 CYTBI 15.75 MSD 239 | PD M-CH MSD N Relapse
CR2 CYTBI 15.75 MSD 315 | PD M-CH MSD N TRM
CR2 CYTBI 15.75 MSD 361 | PD M-CH MSD N Relapse
CR2 TBICY 13.2 MSD 1009 | CR MRD(-) RIC CB Y
CR2 MRD(-) | TBICY 13.2 URD 1319 | CR MRD(-) NM URD N Relapse
CR2 MRD(+) | TBICY 13.2 MSD 80 | CRMRD(+) | RIC Haplo | N Relapse
CR2 MRD(+) | TBICY 13.2 URD 96 | PD M-CH URD N TRM
CR2 MRD(+) | TBICY 13.2 MSD 395 | CR MRD(-) RIC URD N TRM
CR2 MRD(+) | CYTBI 12.0 URD 439 | CR MRD(-) NM URD N Relapse
CR3 TBICY13.2 URD 517 | CR MRD(+) RIC CB Y
CR3 TTCYTBI 12.0 | MSD 2756 | CR MRD(+) M-CH MSD N TRM
CR3 MRD(+) | TBICY14.4 URD 1230 | UN RIC URD N Relapse
PrimRef CYTBI 15.75 MSD 178 | PD M-CH MSD N Relapse
AML
CR1 MRD(-) | BUCY MSD 75 | CR MRD(+) M-TBI URD N TRM
CR1 BUCY Haplo 189 | PD M-TBI Haplo N TRM
CR1 BUCYTBI MSD 307 | PD M-TBI MSD N TRM
CR1 BUCY MSD 691 | CR M-TBI MSD Y
CR1MRD(-) | CYTBI 14.4 Haplo 648 | PD M-CH Haplo | N Relapse
CR1 MRD(-) | BUCY MSD 2493 | CR MRD(-) M-TBI URD N TRM
CR1 MRD(+) | FIuCYTBI13.2 | CB 219 | CR MRD(-) RIC CB N TRM
CR1MRD(+) | BUCY MSD 231 | CRMRD(-) | M-TBI MSD | N TRM
CR1MRD(+) | BUCY Haplo 257 | CRMRD(-) | M-TBI URD | N TRM
CR1 MRD(+) | BUCY MSD 320 | CR MRD(-) M-TBI MSD Y
CR1MRD(+) | CYTBI 14.4 URD 333 | CR M-CH MSD N Relapse
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HCT#1 HCT #2
Original Regimen Donor | Timeto | Phaseof Regimen | Donor | Alive | Cause
Transplant (Gy) Relapse | Diseaseat of death
Indication (days) | 2 HCT
CR1 MRD(+) | BLBUCY MSD 408 | CR M-TBI MSD N Relapse
CR2 BUCY MSD 2215 | CR M-TBI MSD N TRM
PrimRef TBICY 13.2 URD 78 | CR MRD- RIC CB Y
PrimRef CYTBI 144 URD 144 | CR M-CH URD Y
PrimRef TBICY 13.2 MSD 214 | CR MRD- NM MSD N Relapse
PrimRef BUCYTBI 12 MSD 229 | PD M-CH MSD N Relapse
PrimRef CYTBI 144 Hap 391 | PD M-CH Hap N Relapse
PrimRef CYTBI 144 URD 416 | CR MRD- M-CH URD N TRM
PrimRef CYTBI 15.75 Hap 452 | PD M-CH Hap N TRM
REL BUCY MSD 55 | PD M-TBI MSD N Relapse
REL TBICY 13.2 HAP 75 | PD M-CH HAP N Relapse
REL TBICY 13.2 URD 126 | CR MRD+ NM URD N Trauma
MDSMPS
MDS EB CYTBI 14.4 MSD 82 | PD RIC HAP Y
MDS EB BUCY URD 128 | CR MRD- M-TBI URD N Relapse
MDS EB BUCY MSD 132 | PD M-TBI MSD N Relapse
MDS EB BUCY MSD 132 | PD M-TBI MSD N TRM
MDS EB BUCY URD 247 | PD M-TBI URD Y
MDScEB CYTBI 12 MSD 961 | PD M-CH MSD N Relapse
MPS EB FluCY 13.2 CB 307 | PD RIC URD N Relapse

Page 18

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BU, busulfan; CB, cord blood; CH, chemotherapy; CR,
complete remission; CY, cyclophosphamide; D/C IS, discontinue immune suppression; DLI, donor lymphocyte infusion; EB, excess blasts; FLU,

fludarabine; HAP, HLA-haploidentical donor; HCT, hematopoietic cell transplant; 131}, iodine-131; MDS, myelodysplastic syndrome; M-CH,
chemotherapy-based myeloablative conditioning; MPS, myeoproliferative syndrome; MRD (=), no minimal residual disease; MRD (+), minimal
residual disease; MSD, matched sibling donor; M-TBI, TBI- based myeloablative conditioning; N, no; NM, nonmeyloablative conditioning; PD,
disease not in remission; PrimRef, primary refractory; REL, refractory relapse; RIC, reduced intensity conditioning; Rx, treatment for relapse;

SOR, sorafenib; TBI, total body irradiation; TKI, tyrosine kinase inhibitor; TT, thiotepa; UN, unknown; URD, unrelated donor; Y, yes.

g d
alive after 39 transplant

Hok

died in remission from car accident
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Table 3:
Factors associated with mortality
Multivariable Cox Regression Model for Mortality

N HR | 95% CI | p-value
DiagnosisPhase
ALLCRL™ 15 | 10 - -
ALL CR2/Advanced 106 | 2.6 | (14,49 0.002
AML CR1/MDS 48 22 | (1.1,43) 0.028
AML CR2/AML Advanced 63 29 | (1554) 0.001
1% HCT Preparative Regimen
TBI-based 198 | 1.8 | (1.0,31) | 0.052
Chemo-based 23 1.0 -- -
RIC 11 411 (1991 <0.001
18 HCT torelapse (months)
0-6 114 | 32 | (2.2,47) | <0.001
>6-12 66 | 2.1 | (1.4,32) | <o0.001
>12+ 52 1.0 - -

*
Reference group

Page 19

Note: Variables examined for potential inclusion in model were: Sex, Year of HCT, Time from HCT to relapse, Donor type, Diagnosis/Phase at

HCT, Conditioning regimen, MRD status at relapse, Time from diagnosis to HCT, Age at HCT, Age at relapse.

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CHEMO, chemotherapy; Cl, confidence interval; GVHD,
graft-vs-host disease; HCT, hematopoietic cell transplant; HR, hazard ratio; 1S, immune suppression; MDS, myelodysplastic syndrome; RIC,
reduced intensity conditioning; TBI, total body irradiation.
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